Nuchal ligaments from midwestern U.S. horses infected with adult Onchocerca sp. were studied. The prevalence of Onchocerca sp. infection in horses increased with age. Ten percent of horses less than one year old were infected, 28% of horses one to five years old, 48% of horses six to 15 years old, and 90% of horses over 16 years old.
Prior descriptions of the equine nuchal ligament infected with Onchocerca sp. have been directed toward anatomy of the parasite rather than lesions in the nuchal ligament associated with the infection [l, 31. In an English study of 0. cervicalisinfected equine nuchal ligaments, the investigator found that the gross appearance of the nuchal ligament infected with 0. cervicafis was similar to that of uninfected nuchal ligaments. The same investigator also examined the ligamentous tissue infected with 0. cervicalis microscopically and found mild accumulations of eosinophils, macrophages, and fibroblasts around live parasites and dense accumulations of lymphocytes, macrophages, fibroblasts, and eosinophils around dead parasites that were in the process of being calcified [13] .
The purpose of our investigation was to characterize gross, microscopic, and scanning electron microscopic features of nuchal ligaments infected with Onchocerca sp. from midwestern U.S. horses of different ages.
Materials and Methods
The part of the nuchal ligament including the spinous processes of the first through third thoracic vertebrae was collected from 83 horses during the period of February 1979 through January 1980 at Michigan State University's Animal Health Diagnostic Laborartory. The horses ranged in age from 12 hours to 35 years.
Within 24 hours of collection, tissues were examined for gross lesions and the presence or absence of parasites. The ligamentous tissue was soaked in hot tap water for 30 to 60 minutes and then sliced every 3 to 5 cm for inspection. Viable adult worms could be found most easily by their protrusion from the warmed, cut surface of the ligament. Calcified parasites were recognized by their chalk-white color, mineralized texture, and lack of protrusion from the tissue. The protruded worms could be grasped with fine thumb forceps and removed (fig. I). Male worms of the Onchocerca sp. were characterized macroscopically by their smaller diameter, shorter length, and curled ends. Entire male worms could be removed from the tissue by careful forcep teasing, and movement was seen through a light microscope. Female parasites (up to 30 cm in length) were cut during sectioning of the ligament so that only fragments were collected.
Pieces of the nuchal ligaments were fmed in 10% buffered formalin. Tissues were embedded in paraffin, and 5-pm sections were stained with hematoxylin and eosin (HE), Giemsa, von Kossa, and hematoxylin-phloxine-metanil yellow [8] .
In addition, 10 samples from four horses' nuchal ligaments were collected for scanning electron microscopy. The horses' ages were six months and five, 10, and 18 years. The ligamentous tissues chosen had all variations of gross lesions except for the foal's tissue, which had neither gross lesions nor parasites. Samples from these horses were fmed in 2% phosphate buffered glutaraldehyde (pH 7.4), post-fixed in osmium tetroxide for two hours, and dehydrated in graded ethanols. Samples were critical-point dried, coated with gold, and examined in a scanning electron microscope.
Results
In this study, the nuchal ligaments from 83 horses were examined grossly and 3 I (37%) were positive for adult Onchocerca sp. The prevalence of infection related to age groups was 10% (2/20) in horses less than one year old; 28% (8/28) in horses one to five years old; 48% (12/25) in horses six to 15 years old; and 90% (9/10) in horses over 16 years old. The youngest horse in which Onchocerca sp. was seen was eight months old.
In general, both the infected and uninfected nuchal ligaments from horses less than five years old were grossly similar. In horses over five years old, the most common gross lesion of the infected nuchal ligaments was mineralization (fig. I). The amount of mineralization ranged from focal, isolated areas of 1 to 2 mm in diameter in horses six to 15 years old to near total replacement of normal ligamentous tissue in horses over 16 years old. Viable parasites were seen infrequently in completely mineralized specimens. Tissue hyperemia characterized areas of the nuchal ligaments with many viable parasites. Cavities filled with entangled adult male and female parasites also were seen in the ligamentous tissue. The supraspinous bursa often had a roughened surface with filamentous, fibrous strands traversing its surface. In addition, parasites were found in the loose connective and adipose tissues surrounding the nuchal ligament.
Microscopically, the uninfected nuchal ligaments showed an irregular arrangement of lamellar fibers grouped in bundles and separated by connective tissue septa. Onchocerca sp.-infected nuchal ligaments had a multifocal distribution of parasites between fibers with an inflammatory response that varied from little or no reactivity in horses under five years old to advanced fibroplasia and mineralization in horses over 16 years old ( fig. 2,3) . The 12 specimens from horses six to 15 years old had the entire range of microscopic lesions described below, and sometimes this entire spectrum of inflammation was seen in the tissues of one horse.
The initial microscopic alteration adjacent to the parasite was an acute inflammatory response characterized by edema and necrosis. Blood vessels near these parasites had perivascular cuffs of lymphocytes and eosinophils. As the lesion around the parasite advanced, an infiltrate of lymphocytes appeared, with scattered eosinophils and plasma cells. Chronic lesions were characterized by granulomas with caseous centers surrounded by epithelioid cells, lymphocytes, and multinucleated giant cells. Ultimately the inflammation progressed to fibroplasia with mineralization and calcium deposition as shown by von Kossa's stain ( fig. 3) . A few areas of primitive cartilage also were seen adjacent to mineralized nodules. These chronic changes were seen consistently in the horses over 16 years old.
A noncellular, granular material adhered to the outer edge of the cuticle in some sections of the parasites. This material stained yellow-orange with hematoxylinphloxine-metanil-yellow, suggesting immature fibrous tissue or a fibrinoid substance. This was seen only when an inflammatory cell infiltrate surrounded the parasite ( fig.   4 ).
Scanning electron microscopy was used to view the surface features of Onchocerca sp. in the equine nuchal ligaments. The normal ligamentous tissue from the 6-monthold foal was composed of irregularly aranged collagen bundles. In the 5-and 10year-old horses, the parasites were scattered among the collagen bundles and frequently twisted around themselves and other parasites. The parasite's surface had prominent transverse ridges protruding from cuticular tissue at intervals along the length of the parasite ( fig. 5 ). Sometimes granular, amorphorous material adhered to the cuticular surface of the parasites in the 18-year-old horse ( fig. 6 ). In another specimen from the oldest horse, the parasite was encircled by strands of tissue smaller in diameter than the normal ligamentous tissue, and inflammatory cells adhered to the parasite as well as to the encircling bands of tissue ( fig. 7) . The bands of tissue were thought to represent a fibrous connective tissue capsule.
Discussion
Slightly more than one-third of the horses in this study had evidence of adult Onchocerca sp. infection. This is significantly lower than the 76.9% prevalence previously reported for equine onchocerciasis in the midwestern U.S., but the age of those horses was not determined [16] . The different prevalence might be explained by the sampling of dissimilar numbers of young and old horses. Only in England was the prevalence of adult Onchocerca sp. in the nuchal ligament determined from horses whose age was known [12] . Although the prevalence in similar age groups was lower in English horses compared to midwestern U.S. horses, in both countries the prevalence increased as the horses' age increased. The gross lesion of focal mineralization in the ligamentous tissue was seen more frequently as the age of the horse increased, and was rare in horses less than five years old. This lesion in the nuchal ligament was interpreted as an area of chronic infection, because viable parasites rarely came out of the tissue in the area of mineralization.
Microscopic sections of heavily mineralized nuchal ligaments lacked intact parasites, but tissues from middle-aged horses (six to 15 years old) with minimal mineralization contained parasites surrounded by a host tissue inflammatory reaction. Since we were unable to develop microscopic criteria for viability of the parasite with our fixation and staining methods, female parasites with gravid uteri were the only parasites we could be sure were viable at the time of fixation. Since gravid females were seen with adjacent host inflammatory cells, it seems that the host tissue reaction was not in response to a dead or dying parasite. Eosinophils, macrophages, and fibroblasts have been reported to surround live Onchocerca sp. in equine nuchal ligaments [13] , but no criteria for viability of the parasite were described. In our study, gravid female parasites also had a fibrinoid-like deposit on their outer surface. Similar material has been reported on the surface of 0. volvulus in man [6] and 0. gutturosa in cattle [Charles MacKenzie, personal communication, 1980.1. This amorphorous granular substance coating the surface of an equine Onchocerca sp. also was seen by scanning electron microscopy. Fibrinoid material has been associated with immune complex deposition. For this reason, we would suggest that an immune reaction between the host and the Onchocerca sp. or its metabolic products results in the host inflammatory response adjacent to the parasites.
In contrast to the older horses, the young horses (less than five years old) with Onchocerca sp. infections had little or no host tissue reaction adjacent to the parasite.
From this study, we postulate that equine onchocercal infections are terminated naturally with time. The initial host response to the adult Onchocerca sp. is minimal, as seen in the younger age groups. Later the host responds to the parasite with an eosinophilic and lymphocytic cellular infiltrate. An immune-mediated reaction to the parasite probably is involved in this host reaction, judging by the cell types involved, and the presence of a fibrinoid-like deposit on the surface of the parasite. This inflammatory response continues, becoming granulomatous and forming a fibrous capsule around the parasite. The last stage is total mineralization of the parasitic granuloma, as seen in the oldest horses.
